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2. Calculation Methodology 
The structure of the chosen network (see Fig. 1), consists of 95 pipes and 96 nodes which can be 
divided into 1 source (where is also located the pumping station), 61 mixers and 34 utilities, every one 
consisting of 10 flats. 
In order to define the load of the DHN, the hourly load thermal profile for an entire year (8760 hours) 
of each of the flats has been estimated by the use of a software named HELP Calculator (Heat and 
Electricity Load Profile Calculator) [3] supposing a climatic zone in North of Italy. This software was 
developed by University of Bologna and is particularly suitable for domestic and household sector. The 
estimated yearly thermal demand consists on both space heating (since October the 15th to April the 15th) 
and hot water requirements (which can be assumed constant for the whole year [3]). Each of the months 
in which space heating is required is characterized by a peak which can be estimated as function of the 
external ambient temperature. In Figure 2 the monthly scale factor for the space heating requirements is 
presented. Obviously, the scale factor is equal to zero from May to September when no space heating (but 
only hot water) loads occurs. Moreover, the scale factor allows to completely define the hourly thermal 
demand of the whole year by the use of a set of dimensionless curves representing the daily request of 
space heating and hot water which are included in HELP Calculator software [3]. In Figure 3 and Figure 4 
the dimensionless curves adopted to estimate the requirements of hot water and of space heating are 
respectively presented.  
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Figure 1 – DHN lay-out Figure 2 – monthly scale factor for space heating requirements 
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Figure 3 – dimensionless hot water load curve Figure 4 – dimensionless base winter space heating load curve 
From Figure 2, it can be observed that the maximum peak (PM) of thermal demand occurs in January, 
while the minimum peak (Pm) is observed during October. These two months have been chosen as test 
cases named, respectively, CASE#1 and CASE#2. For each of them the chosen network has been 
designed, with the purpose of maintaining, in each of the pipes composing the DHN, the velocity of the 
water in the range between 2 and 4 m/s. For each pipe, the diameter has been determined by applying a 
trial and error procedure with the software Ca.R.Di.F. when the thermal power required by utilities is the 
maximum, in the first case, and the minimum, in the second one. The choice of CASE#1 and CASE#2 
has been developed in order to understand which is the point of design for a DHN which allows the 
maximization of yearly revenue. In others words, it can be considered: 
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• the design of DHN considering PM (CASE#1) requires larger diameters of pipes on the respect of the 
design with reference to Pm (CASE#2); it follows that the investment cost will be greater in CASE#1; 
• due to larger diameters of CASE#1, the simulation of the off-design performance of the DHN for the 
whole year should show lower requirements for pumping power and higher thermal losses on the 
respect of CASE#2; it is expected that the variable costs for the operation of the DHN in CASE#2 
should be greater than in CASE#1. 
For what regards the management strategy adopted for the simulated network, as well known, a DHN 
can be regulated (i) varying the mass flow rate but keeping constant the temperature difference (ΔT) on 
the utilities (this approach is particularly suitable for small size DHNs) or (ii) varying the ΔT on the 
utilities with a constant mass flow rate (usually for large DHNs). The regulation typology chosen for this 
study is the first one, however the proposed procedure is blanket and applicable to both the situations. 
Once fixed the design of the network in the two test cases, the behaviour of the network, working in 
off-design during the rest of the year, has been analysed with the Ca.R.Di.F. software. This allowed to 
determine the necessary electrical energy for pumping system and the necessary fuel quantity for the 
whole year. 
3. Results and discussion 
The first results of the developed simulations regard the behaviour of the DHN in CASE#1 and in 
CASE#2 with reference of each of the monthly peaks of the period of year in which the space heating is 
required. Figure 5 and Figure 6 respectively show the estimated thermal power lost from the network and 
the required power for pumping for the two analyzed cases and considered months. 
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Figure 5 – Lost Thermal Power for each month of space 
heating with reference to monthly peck demand 
Figure 6 – Pumping Power for each month of space heating 
with reference to monthly peck demand 
In particular, Figure 5 shows that, for both the test cases, the lost thermal power results higher in 
CASE#1 as pipes diameter, and consequently the dispersing area, is greater. Moreover for both the cases 
the energy losses increase with the mass flow rate required by the utilities: in fact, for fixed pipe’s 
diameters, the mean value of the velocity increases with the mass flow rate, producing the increase of the 
internal convection coefficient that results in the increase of the overall heat transfer coefficient. The 
mean velocity values through the pipes also allow to explain the results related to the necessary pumping 
power (higher in CASE#2) as shown in Figure 6. In CASE#2, in fact, the higher values of pipe’s 
diameters result in higher mean values of the velocity and, consequently, in higher pressure losses. 
The calculation performed in Figure 5 and Figure 6 has been extended to each hour of the year by the 
use of Ca.R.Di.F. software, in order to estimate the total required electrical energy for pumping and the 
total thermal energy introduced into the network (calculated as the sum of the thermal energy required by 
utilities and the thermal energy lost by the network) in correspondence of  the source. 
On the basis of the realized calculation, an economical analysis has been performed. As well known, a 
DHN presents an initial investment cost, due to the purchase and installation of the piping network. The 
cost of pipes can be estimated as function of diameter [4]; the installation has been taken into account by 
considering a factor, chosen equal to 2.5, starting from the cost of the network. Further, every year, the 
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production plant must sustain a certain cost, due to the electrical energy for the pumping system, and 
another cost for the fuel, to produce the necessary thermal power, while obtaining a gain from the sale of 
the thermal power to the utilities. The difference between the gain and the costs is the estimated revenue.  
With the purpose of determining the trend of the Net Present Value (NPV) for the two test cases as 
function of years estimated for the life of the DHN, a parametric analysis has been conducted by varying 
the cost of electricity (from 0.19 to 0.13 €/kWhEL) and assuming constant values for the fuel cost (equal to 
0.40 €/m3 supposing natural gas) and for the thermal energy price incurred by users (0.08 €/kWh). 
The trends of NPV for CASE#1 and CASE#2 considering the maximum and the minimum cost of 
electrical energy are presented respectively in Figure 7 and in Figure 8. It can be observed from these 
figures that, as example, the decreasing of the cost of electrical energy reduces the differences between 
CASE#1 (in which the required pumping power is lower, see Figure 6) and CASE#2 (which is 
characterized by the highest electrical consumption). Also with the increase of the gain from the sale of 
the thermal energy to utilities, the trends obtained for CASE#1 and CASE#2 appear very close and quite 
similar. This type of evaluations and considerations, according to the reference tariff scenario, allow to 
define the correct design of the network in order to maximize the yearly revenue. As example, 
considering the plots in Figures 7 and 8, the maximum revenue at the end of the considered 30 years is 
achieved with the design of the network in CASE#1. 
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Figure 7 – NPV trend for an electrical energy cost equal to 
0.19 €/kWhel
Figure 8 – NPV trend for an electrical energy cost equal to 0.13 
€/kWhel
4. Concluding Remarks 
In this study an optimization strategy for the design of district heating network (DHN) is presented and 
discussed. The aim of the study is to highlight general parameters that allow to optimize both the design 
and management of a DHN. Parameters that must be taken into account are investment costs, electrical 
energy and fuel costs and, finally, the price of thermal energy for the utilities. 
Two in-house-developed software have been used to determine, firstly, the thermal load of the utilities 
and, once fixed two test cases in term of utilities load, the design of DHN. With the same software the 
behaviour of the DHN during the whole year has been analysed in order to compare the pumping 
consumption and the thermal losses. Finally a parametric economic analysis has been conducted with the 
aim of maximize the yearly revenue. The defined procedure is general and can be applied for various 
regulation strategies. 
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